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1. 

SEMCONDUCTORDEVICE HAVING A BUILT-N 
CAPACTOR AND MANUEFACTURING METHOD 

THEREOF 

This application is a continuation of application Ser. 
No. 07/707,298 filed May 29, 1991, abandoned, which is 
a continuation of application Ser. No. 07/413,749 filed 
Sep. 28, 1989, abandoned. 

BACKGROUND OF THE INVENTION 
The present invention generally relates to semicon 

ductor devices and more particularly to a semiconduc 
tor device having a built-in capacitor and a manufactur 
ing miethod thereof. 
A so-called microwave monolithic integrated circuit 

(MMIC) is a semiconductor device designed for use in 
the ultra-high frequency (UHF) range or in the super 
high frequency (SHF) range. Such an integrated circuit 
for microwave application often uses a shunt capacitor 
having an electrode connected to the ground. 

FIG. 1 shows a typical MMIC device comprising a 
pair of FETs forming a two-stage amplifier circuit. In 
this device, a plurality of capacitors C1 are interposed in 
a signal path extending from an input terminal IN to an 
output terminal OUT and there is further provided a 
shunt capacitor C2 in the vicinity of a gate biasing termi 
nal G or a drain biasing terminal D for removing un 
wanted high frequency components. Further, there is 
another shunt capacitor C3 connected to the signal path 
for achieving impedance matching. 

Conventionally, impedance matching of the signal 
path in the MMIC is achieved by providing an open 
stab acting as a capacitance, of which its size is adjusted 
so as to achieve proper impedance matching. However, 
such an open stab occupies a large area and needs trim 
ming to establish a desired impedance. It is preferred to 
achieve such an impedance matching by using the shunt 
capacitor C3 designed to have a proper capacitance 
value. The present invention is mainly related to such a 
shunt capacitor having one electrode connected to the 
ground or other constant voltage source for bypassing 
the high frequency component to the ground or used 
for impedance matching. 

FIG. 2 is a cross sectional view showing the structure 
of a prior art shunt capacitor. Referring to the drawing, 
the shunt capacitor comprises a semi-insulating sub 
strate 11 of gallium arsenide, and an internal electrode 
12a is provided on the substrate in correspondence to 
where the capacitor is to be formed. On the internal 
electrode 12a, there is further provided a dielectric film 
12b and a surface electrode 12c is provided further 
thereon so as to make an electrical contact with the 
dielectric film 12b. This surface electrode 12c is con 
nected to a transmission strip 13 forming the signal path. 
On the rear, or bottom substrate 11, it can be seen that 
there is formed a large through hole 10 in correspon 
dence to the internal electrode 12a so as to expose a 
central part of the electrode 12a, and a ground electrode 
14 is provided on the bottom of the substrate 11 includ 
ing an inner surface 10a of the contact hole 10. Further, 
the ground electrode 14 is connected to a metal base 15 
having a ground potential level via a brazing filler 16 
and thus there is formed a shunt capacitor region having 
one electrode 12c connected to the transmission strip 13 
and the other electrode 14 connected to the ground. 
Conventionally, the contact hole 10 is formed by re 
moving a part of the substrate 11 corresponding to the 
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contact hole 10 by isotropic etching. FIG. 3 shows a 
connection of the shunt capacitor of FIG. 2 to the 
MMIC shown in FIG.1. As can be seen in the drawing, 
the transmission strip 13 formed on the substrate 11 is 
connected to the surface electrode 12c via an airbridge 
structure 13a. 

In such a prior art capacitor, there is a problem in that 
the shunt capacitor thus formed is mechanically fragile 
as the through hole 10 has a semi-circular vertical cross 
section which contacts tangentially with the internal 
electrode 12a and there is formed a thin central region 
in the substrate 11 in correspondence to a central part of 
the contact hole 10. When the substrate 11 is brazed on 
the metal base 15, for example, there usually remains a 
small amount of air at the top of the brazing filler 16 
filling the contact hole 10 as designated by a space 15a. 
The air filling the space 15a reduces its volume upon 
cooling and as a result, the thin region at the central part 
of the contact hole 10 tends to be broken because of the 
air pressure acting on the central part of the contact 
hole 10. 

In the prior art capacitor illustrated in FIG. , there 
exists another problem in that one has to provide an 
unnecessarily large internal electrode 12a so as to toler 
ate variation of size of the contact hole 10, as the exact 
control of wet etching to form the contact hole 10 hav 
ing an exact size is difficult in the presently available 
technique. Associated therewith, there are formed a 
number of parasitic paths between the internal electrode 
12a and the bottom electrode 14 as illustrated in F.G. 1 
by parasitic capacitors C-C3 and as a result, there arises 
still another problem in that the electrical property of 
the shunt capacitor is deviated from the designed value. 
As the region of the substrate 11 corresponding to the 
central part of the contact hole 10 has a reduced thick 
ness, the effect of these parasitic capacitors is not negli 
gible. Because of the poor control of the size of the 
contact hole 10 as already described, it is not possible to 
design the shunt capacitor by taking the effect of these 
parasitic capacitors into consideration in advance. 

Further, as a result of the excessive extension of the 
internal electrode 12a, a part of the high frequency 
signal component which has passed the dielectric film 
12b from the surface electrode 12c to the internal elec 
trode 12a is guided to the bottom electrode 14 by pass 
ing through the internal electrode 12a laterally. 
Thereby, the high frequency signal component experi 
ences inductance formed by the internal electrode 12a. 

FIG. 4 shows an equivalent circuit diagram of the 
shunt capacitor of FIG. 2. In the drawing, the capaci 
tance of the dielectric film 12b is represented by Co and 
the designed capacitance value C of the shunt capacitor 
12 is given by a parallel connection of the capacitors Co. 

. Further, it can be seen that there appear parasitic induc 
55 
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tances L1-L3 extending laterally along the internal elec 
trode 12a and each end of each of the inductances 
L1-L3 is connected to the ground by the aforemen 
tioned parasitic capacitors C1-C3. As a result, there is 
formed a parasitic circuit C comprising the parasitic 
inductances L1-L3 and the parasitic capacitances C1-C3 
interposed between the capacitor 12 and the ground 
electrode 14. Note that the parasitic capacitors C1 at the 
central region of the contact hole 10 has a capacitance 
which cannot be neglected because of the reduced 
thickness at the central region of the contact hole 10 
while the respective capacitances of the capacitors C2 
and C3 decrease in value towards the marginal region of 
the contact hole 10 because of the increased thickness of 
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the substrate 11. Further, there is formed an additional 
parasitic inductance Lo between the internal electrode 
12a and the ground electrode 14 at the center of the 
contact hole 10. In one example, it was found that the 
parasitic inductances L1-L3 are about ten times larger 
than the parasitic inductance Lo. In other words, the 
effect of the parasitic inductances L1-L3 cannot be 
neglected. Thus, the impedance of the parasitic circuit 
C in FIG. 3 is not negligible. To make the matter 
worse, the impedance of the parasitic circuit C" is varied 
device by device. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the present 
invention to provide a novel and useful semiconductor 
device having a built-in capacitor and a manufacturing 
method thereof. 
Another and more specific object of the present in 

vention is to provide a semiconductor device having a 

O 
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built-in capacitor and a manufacturing method thereof 20 
wherein the mechanical strength of the shunt capacitor 
is improved. 
Another object of the present invention is to provide 

a semiconductor device having a built-in capacitor and 
a manufacturing method thereof wherein the effect of 25 
parasitic capacitance and inductance is reduced. 
Another object of the present invention is to provide 

a semiconductor device having a built-in capacitor and 
a manufacturing method thereof wherein a desired ca 
pacitance is obtained with reliability. 
Another object of the present invention is to provide 

a semiconductor device having a built-in capacitor ex 
hibiting an excellent performance in the UHF and SHF 
frequency range. 
Another object of the present invention is to provide 

a semiconductor device having a built-in capacitor 
comprising an internal electrode provided on a sub 
strate, a dielectric film provided on the internal elec 
trode and a surface, electrode further provided on the 
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dielectric film, wherein there are provided a plurality of 40 
contact holes by anisotropic etching so as to extend, 
each with substantially the same diameter, from the 
bottom of the substrate to the internal electrode, and a 
ground electrode is provided on the bottom of the sub 
strate so as to make contact with the internal electrode 
through the contact holes. According to the present 
invention, the contact holes each have a side wall which 
extends substantially vertically to the substrate and the 
formation of parasitic capacitors between the internal 
electrode and the ground electrode at a part of the 
substrate where the thickness of the substrate is reduced 
is avoided. Further, as a plurality of contact holes are 
formed, a high frequency signal component applied to 
the surface electrode is directly passed to the ground 
electrode via each of the contact holes without laterally 
travelling through the internal electrode. Thus, the 
effect of inductance experienced by the high frequency 
signal component is minimized. In other words, the 
effect of parasitic capacitance and inductance which 
causes unpredictable deviation of capacitance in the 
built-in capacitor in the prior art device is successfully 
eliminated by the present invention. Furthermore, the 
built-in capacitor thus formed has a satisfactory me 
chanical strength as there is formed no fragile thin re 
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gion in the substrate in correspondence to the center of 65 
the contact holes. Note that the contact holes are 
formed by anisotropic etching which provides a sub 
stantially vertical wall. 

4. 
Other objects and further features of the present in 

vention will become apparent from the following de 
tailed description when read in conjunction with at 
tached drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a prior art MMIC 
device having a built-in capacitor; 

FIG. 2 is a cross sectional view of a prior art shunt 
capacitor of the type used in the device of FIG. 1; 

FIG. 3 is a perspective view showing the connection 
of the capacitor of FIG. 2 in the device of FIG. 1; 

FIG. 4 is an equivalent circuit diagram of the shunt 
capacitor of FIG. 2; 

FIG. 5 is a cross sectional view showing a shunt 
capacitor according to an embodiment of the present 
invention; 

FIG. 6 is a plan view showing an array of contact 
holes used in the capacitor of FIG. 5; 
FIG. 7 is an equivalent circuit diagram of the shunt 

capacitor of FIG. 5; and 
FIGS 8(A)-8(D) are diagrams showing steps of form 

ing the shunt capacitor of FIG. 5. 
DETAILED DESCRIPTION 

FIG. 5 shows the structure of a shunt capacitor 
formed in a semiconductor device according to an em 
bodiment of the present invention. Referring to the 
drawing, the shunt capacitor comprises a semi-insulat 
ing substrate 21 of gallium arsenide having a thickness 
of 50-100 um, and an internal electrode 22a is provided 
on the substrate in correspondence to where the capaci 

'tor is to be formed. On the internal electrode 22a, there 
is further provided a dielectric film 22b and a surface 
electrode 22c is provided further thereon so as to make 
an electrical contact with the dielectric film 22b. This 
surface electrode 22c may have a size of 150 umx 150 
um, for example, and is connected to a transmission 
strip 23 forming the signal path by an airbridge struc 
ture 23a. On the rear, or bottom, side of the substrate 21, 
it can be seen that there is formed a plurality of through 
holes or contact holes 31-34 in correspondence to a part 
of the substrate 21 covered by the internal electrode 
22a. Thereby, the internal electrode 22a is exposed at a 
plurality of locations in correspondence to the contact 
holes 31-34 and a ground electrode 24 having a thick 
ness of about 3-5 um is provided on the bottom of the 
substrate 21 including an inner surface 30a of the 
contact holes 31-34. Further, the ground electrode 24 is 
fixed on a metal base 25 having a ground potential level 
and acting as aheat sink by a brazing filler 26 of gold-tin 
alloy and thus there is formed a shunt capacitor region 
22 wherein one electrode 22c is connected to the trans 
mission strip 23 and the other electrode 24 is connected 
to the ground. 
FIG. 6 shows the shunt capacitor region 22 in a plan 

view. Referring to the drawing, there are formed six 
teen contact holes 31a-31d, 32a-32d, 33a-33d and 
34a-34d with a substantially equal mutual separation 1 
which is the shortest distance measured from an edge of 
a contact hole to an adjacent edge of an adjacent 
contact hole. In the present invention, it is preferred to 
set the separation 1 to 10-20 am or less and the diameter 
of the contact holes is preferrably set also to 10-20 um. 

In the present invention, the contact holes 31a-31d, 
32a-32d, 33a-33d and 34a-34d are formed by aniso 
tropic etching, proceeding vertically to the substrate 21 
and as a result, the side wall 30a of each contact hole 
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thus formed becomes generally vertical to the substrate 
21 or at least assumes a steep angle substantially larger 
than 45 degrees with respect to the substrate as illus 
trated in FIG. 5. Because of the steep angle of the side 
wall 30a, the parasitic capacitors C10 formed between 
the internal electrode 22a and the ground electrode 24 
have a value which is insignificant or negligible. As a 
result, the capacitance of the shunt capacitor is not 
affected by the parasitic capacitor C10. Further, because 
of the steep angle of the side wall 30a with respect to 
the substrate 21, there is no thin region formed in the 
substrate 21 in contrast to the prior art device and the 
mechanical stability of the obtained shunt capacitor is. 

O 

improved. Thus, even if there remains air between the 
ground electrode 24 and the brazing filler 26 at the time 
of brazing of the device on the metal base 25, the con 
traction of the air volume upon cooling does not cause 
destruction of the device because of the improved me 
chanical strength. Furthermore, because of the steep 
angle of the side wall 30a, the variation of the aniso 
tropic etching forming the contact holes 31-34 does not 
cause significant variation in the diameter of the contact 
holes and the structure shown in FIG. 6 is obtained with 
reliability. In other words, the hitherto needed exces 
sively large size of the internal electrode as well as of 
the dielectric film thereon for tolerating the variation of 
the contact hole can be eliminated by forming the 
contact holes by anisotropic etching. 

Furthermore, as a result of the plural contact holes 
provided with a sufficiently small mutual separation, a 
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high frequency signal applied to the surface electrode 
23a is immediately grounded through these plurality of 
contact holes and as a result, there is achieved an advan 
tage such that: a) the inductance formed between a pair 
of neighboring contact holes is small; and b) the high 
frequency signal is not affected by these inductances 
when it is bypassed to the ground even when there 
exists finite inductance between the contact holes. 

FIG. 7 is an equivalent circuit diagram of the shunt 
capacitor of the present invention. Referring to the 
drawing, a high frequency signal 40 is applied to the 
surface electrode 22c from the transmission line 23. This 
signal is then passed through the dielectric film 22b 
having the capacitance Co and is bypassed to the ground 
after passing through a small inductance Lo formed 
between the internal electrode 22a and the ground elec 
trode 24. The parasitic capacitance C10 connected paral 
lel to the inductance Lo is of a very small value as al 
ready described and thus does not affect the transfer 
characteristic of the shunt capacitor. 
Although there are formed lateral inductances L1-L3 

in the internal electrode 22a each thereof connected 
between a pair of the parallel inductances Lo as illus 
trated in FIG. 7, these inductances do not affect the 
transfer of the high frequency signal 40 as the contact 
holes 31-34 are provided with a sufficiently small mu 
tual separation and the signal is bypassed to the ground 
without flowing through these inductances. Even when 
there are currents flowing through the internal elec 
trode 22a laterally, the effect of these lateral induc 
tances is small and the effect of the parasitic inductance 
is negligible. 

Next, manufacturing of the shunt capacitor of FIG. 5 
will be described with reference to FIGS. 8(A)-(D). In 
a first step, a photoresist (not shown) is provided on the 
substrate 21 having a thickness of about 400 m to 900 
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um and after suitable patterning, a part of the substrate . 
21 corresponding to the internal electrode 22a of the 

6 
shunt capacitor 22 and another part of the substrate 21 
corresponding to the transmission strip 23 are removed 
by etching. Further, the first part and the second part of 
the substrate 21 thus removed are successively depos 
ited with titanium, platinum and gold by vacuum depo 
sition and the internal electrode 22a and the transmis 
sion strip 23 are formed with an overall thickness of 
about 2000 A. FIG. 8(A) shows a structure thus ob 
tained after the removal of the photomask. As already 
described, the internal electrode 22a is formed to have a 
size of 100-150 m for each edge. 

Next, the dielectric film 22b is formed by depositing 
silicon nitride by chemical vapor deposition or sputter 
ing such that a layer of silicon nitride is formed with a 
thickness of about 1500A on the structure of FIG.8(A). 
Further, apart of the silicon nitride layer corresponding 
to the dielectric film 22b is protected by a photoresist 
and the rest of the silicon nitride layer is removed by 
dry etching using a fluoride etching gas. Thus, the di 
electric film 22b is formed as illustrated in FIG. 8(B). 

Next, a photoresist is applied on the structure of FIG. 
8(B) and after a patterning to expose the dielectric film 
22b and the transmission strip 23, a metal layer 22C1 
comprising stacking of a titanium layer and a gold layer 
is deposited on the entire surface of the structure thus 
formed. Note that there is formed a photoresist 50 in 
correspondence to the air bridge structure 23a on a pair 
of opposing edges of the dielectric film 22b, and the 
aforementioned metal layer 22C1 is deposited on this 
photoresist 50. Next, the metal layer 22C is selectively 
covered by a photoresist 51 so as to expose only a part 
W shown in FIG. 8(C) and gold is plated on the metal 
layer 22C1 selectively. As a result, a structure shown in 
FIG.3(C) is obtained wherein a thick gold layer 22C2 is 
formed on the metal layer 22C in correspondence to 
the part W. 

Next, the photoresist 51 selectively covering the 
structure of FIG. 8(C) is removed and a part of the gold 
layer in the layer 22C1 not covered by the gold layer 
22C2 is removed by ion milling. Further, the titanium 
layer in the layer 22C is removed by dry etching. Next, 
the photoresist 50 is removed by a suitable means such 
as dipping into a solvent and the surface electrode 22c is 
formed. Further, the back-side of the wafer is lapped to 
the required thickness (typically 50 to 100 m). 

Further, a photoresist (not shown) defining the 
contact holes 31-34 is deposited on the bottom of the 
substrate 21 and the bottom of the substrate 21 is sub 
jected to the reactive ion etching (RIE) using a chloride 
etching gas. In one example, carbon dichloride difluo 
ride (CCl2F2) was used as the etching gas and the RIE 
process was performed under a pressure of about 20 
mTorr with an electrical power density of 0.4W/cm2. 
For this purpose, a direct-current voltage of 200 volts 
was applied across a pair of parallel electrodes of the 
etching apparatus (not shown). The etching was contin 
ued until the contact holes 31-34 reach the internal 
electrode 22a. As the RIE process proceeds selectively 
in a vertical direction to the substrate 21, the obtained 
contact holes 31-34 have steep or substantially vertical, 
respective side walls extending directly to the internal 
electrode 22a. The diameter of the contact hole is usu 
ally set to about 10-20 am. As a result, a structure 
shown in FIG. 8(D) is obtained. 
The structure of FIG. 8(D) then has deposited on the 

bottom surface thereof a nickel-chromium alloy (NiCr) 
by vacuum deposition such that not only the bottom of 
the substrate 21 but also the botton as well as theside 
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walls of the contact holes 31-34 are covered uniformly 
with a thickness of about 1000A. Next, gold is plated on 
the nickel-chromium alloy layer with a thickness of 
about 3-5 um and the contact (ground) electrode 24 (of 
FIG. 5) is formed. The structure thus formed is then 
brazed on the metal base 25 by using a gold-tin alloy 
having a melting temperature of about 350 C. and the 
structure shown in FIG. 5 is completed. 

Further, the present invention is not limited to these 
embodiments but various variations and modifications 
may be made without departing from the scope of the 
present invention. 
What is claimed is: 
1. A semiconductor device having a built-in capaci 

tor, comprising: 
a substrate having upper and lower main surfaces; 
an internal electrode formed on said upper main sur 

face of said substrate, said internal electrode com 
prising a unitary segment of a conductive material, 
of a given configuration and area in a plane parallel 
to said upper main surface and having a lower 
surface on said upper main surface of said substrate 
and an upper surface; 

a dielectric film formed on an covering said internal 
electrode; 

a surface electrode formed on said dielectric film and 
in contact therewith, said surface electrode includ 
ing at least a portion of a corresponding said con 
figuration and area, in opposed relationship to the 
internal electrode and separated therefrom by the 
dielectric film when viewed in a plane transverse to 
the upper main surface of the substrate, said potion 
of the surface electrode together with said dielec 
tric film and said internal electrode establishing a 
single capacitor; 

an array of plural through holes formed in the sub 
strate in correspondence to the single capacitor, 
said plural through holes extending in substantially 
parallel and spaced relationship from the lower 
main surface to the upper main surface of said sub 
strate in a common direction substantially trans 
verse to the lower and upper main surfaces and 
disposed within said configuration and area of said 
internal electrode and through which a corre 
sponding array of portions of the lower surface of 
the internal electrode are exposed; and 

a back-side electrode formed as a layer on said lower 
main surface of said substrate and including an 
array of plural, integral portions thereof extending 
through the respective through holes of said array 
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8 
thereof and into contact with the lower surface of 
the internal electrode at said array of exposed por 
tions thereof. 

2. A semiconductor device as claimed in claim 1 in 
which said through holes are arranged in a row and 
column formation with a substantially uniform mutual 
separation between adjacent through holes of each row 
and of each column. 

3. A semiconductor device as claimed in claim 2 
wherein each of said through holes has a diameter of 
about 10 m to about 20 m and the shortest distance of 
said mutual separation, as measured between the respec 
tive circumferences of adjacent through holes at said 
lower main surface of said substrate, is about 20 in or 
less. 

4. A semiconductor device as claimed in claim 1 in 
which each of said through holes is defined by an inner 
wall forming an obtuse angle with the lower main sur 
face of the substrate. 

5. A semiconductor device as claimed in claim 1 in 
which each of said through holes is defined by an inner 
wall extending substantially perpendicularly to the 
lower main surface of the substrate. 

6. A semiconductor device as claimed in claim 1 
further comprising: 

a brazing filler formed as a layer on the back-side 
electrode and such that said through holes, with 
the respective back-side electrode portions extend 
ing therethrough, are further, substantially filled by 
said brazing filler; and 

a metal base affixed by the brazing filler to the lower 
main surface of the substrate. 

7. A semiconductor device as claimed in claim 6, 
wherein: 
each of said through holes is defined by an inner wall 
of said substrate extending between said lower and 
upper main surfaces and forming an obtuse angle 
with the lower main surface of said substrate; 

said respective, integral back-side electrode portions 
which extend through said through holes are 
formed as corresponding, interior layers on said 
side walls of said through holes, each of said inte 
rior layers defining a recess extending into the 
corresponding through hole from the lower main 
surface of said substrate; and 

said brazing filler substantially fills said recesses and 
forms a substantially uniform and continuous layer 

- on said back-side electrode. 
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